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(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms or the like, and R! denotes a chain
hydrocarbon group having 1 to 10 carbon atoms optionally substituted with a halogen atom or the like) with an alkali
metal borohydride compound in the presence of a solvent.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for producing a cyclopropanecarboxylic acid compound and an
intermediate thereof.

BACKGROUND ART

[0002] In U.S. Patent Laid-Open Publication No. 2003/0195119, it is disclosed that a cyclopropanecarboxylic acid
compound represented by formula (V1)

H3C CH
W

4RT
iy

(VL)
R’O Z CH,
0

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which is optionally substituted with at
least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon atoms, an
optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group having 1 to 3
carbon atoms and an optionally substituted phenyl group, a cyclic hydrocarbon group having 3 to 10 carbon atoms, or
a hydrogen atom) is useful as a pest control agent and an intermediate thereof, and a reaction of the corresponding
cyclopropane carbaldehyde compound and diethyl(1-cyanoethyl)phosphonate is disclosed therein as a producing
method therefor.

DISCLOSURE OF THE INVENTION
[0003] The present invention provides:
<1> A method for producing a cyclopropanecarboxylic acid compound represented by formula (VI)

H,C CH,
CN

R"O o (VI)

(wherein R denotes the same as below),
which comprising reacting a compound represented by formula (V)

H,C CH,
CN

o (V)
R/
o\n/Rl
o]

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
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having 1 to 3 carbon atoms and an optionally substituted phenyl group, a cyclic hydrocarbon group having 3 to 10
carbon atoms, or a hydrogen atom, and R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which
group is optionally substituted with a halogen atom or a phenyl group)

with an alkali metal borohydride compound in the presence of a solvent;

<2> The method according to <1>, wherein the alkali metal borohydride compound is sodium borohydride;

<3> The method according to <1> or <2>, wherein the solvent is at least one selected from the group consisting of
an ether solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent,
a cyclic urea solvent, an alcohol solvent and an ester solvent;

<4> The method according to <1> or <2>, wherein the solvent is N,N-dimethylformamide, dimethylacetamide,
dimethylsulfoxide, N-methyl-2-pyrrolidone, acetonitrile or 1,3-dimethyl-2-imidazolidinone;

<5> The method according to any one of <1> to <4>, wherein the compound represented by formula (V) is a
compound obtained by reacting a compound represented by formula (11)

Hﬁiﬁﬂscﬁ
I

A (11)
R W

OH

(wherein R denotes the same meaning as defined in <1>) with an acyl halide compound represented by formula (I11)

0O

A am

(wherein R denotes the same meaning as defined in <1> and X denotes a halogen atom)
or an acid anhydride represented by formula (IV)

0O 0

A an

(wherein R denotes the same meaning as defined in <1> in the presence of a base;
<6> The method according to <1>, wherein the compound represented by formula (ll) is a compound obtained by
reacting a compound represented by formula (I)

HsC CHj
‘ (1)
0.
R~ ‘“’ “~CHO
0

(wherein R denotes the same meaning as defined in <1>) with acrylonitrile in the presence of a base;
<7> A compound represented by formula (I1)
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H,C CH,

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, a cyclic hydrocarbon group having 3 to 10
carbon atoms, or a hydrogen atom);

<8> The compound according to <7>, wherein R is a chain hydrocarbon group having 1 to 10 carbon atoms or a
chain hydrocarbon group having 1 to 10 carbon atoms which group is substituted with an optionally substituted
phenyl group.

<9> The compound according to <7>, wherein R is a methyl group or a 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl
group;

<10> A compound represented by formula (V)

HsC CHj
W
0]
R S
\g/ o. _R
T

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, a cyclic hydrocarbon group having 3 to 10
carbon atoms, or a hydrogen atom, and R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which
group is optionally substituted with a halogen atom or a phenyl group);

<11> The compound according to <10>, wherein R is a chain hydrocarbon group having 1 to 10 carbon atoms;
<12> The compound according to <10>, wherein R' is a methyl group;

<13> The compound according to any one of <10> to <12>, wherein R is a chain hydrocarbon group having 1 to
10 carbon atoms or a chain hydrocarbon group having 1 to 10 carbon atoms which group is substituted with an
optionally substituted phenyl group;

<14> The compound according to any one of <10> to <12>, wherein R is a methyl group or a 2,3,5,6-tetrafluoro-4-
methoxymethylbenzyl group;

<15> A method for producing a cyclopropanecarboxylic acid compound represented by formula (IX)

H,C CH,
CN
O

(wherein R2 denotes the same as below),
which comprises reacting a compound represented by formula (Va)
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H;C CHyg
CN
e /O\ /&‘ ( Va )
0 O {Ri
1
o

(wherein R’ denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group having 3 to
10 carbon atoms, and R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally
substituted with a halogen atom, or a phenyl group)

with an alkali metal borohydride compound in the presence of a solvent to obtain a cyclopropanecarboxylic acid
compound represented by formula (Vla)

HsC CH,
CN

Rl

O

(wherein R’ denotes the same as above), and
reacting the obtained cyclopropanecarboxylic acid compound represented by formula (Vla) with a compound rep-
resented by formula (VIII)

R2-OH (VI

(wherein R2 is different from the R’ and denotes a chain hydrocarbon group having 1 to 10 carbon atoms which
group is optionally substituted with at least one group selected from the group consisting of a halogen atom, an acyl
group having 2 to 7 carbon atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally
substituted alkylthio group having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic
hydrocarbon group having 3 to 10 carbon atoms)

in the presence of an alkali metal hydroxide;

<16> The method according to <15>, wherein the alkali metal hydroxide is lithium hydroxide;

<17> The method according to <15> or <16>, wherein the solvent is at least one selected from the group consisting
of an ether solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent,
a cyclic urea solvent, an alcohol solvent and an ester solvent;

<18> A method for producing a cyclopropanecarboxylic acid represented by formula (VII)

H3zC CH;

which comprises reacting a compound represented by formula (Va)
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- O A\r& (Va)
24 Tf I

0 o.__R
T
)

(wherein R’ denotes the same as below) with an alkali metal borohydride compound in the presence of a solvent to
obtain a cyclopropanecarboxylic acid compound represented by formula (VlIa)

H;C CH,
\/ CN

R/O o (VIa)

O

(wherein R’ denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group having 3 to
10 carbon atoms, and R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally
substituted with a halogen atom, or a phenyl group), and

hydrolyzing the obtained cyclopropanecarboxylic acid compound represented by formula (Vla);

<19> The method according to <18>, wherein the solvent is at least one selected from the group consisting of an
ether solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a
cyclic urea solvent, an alcohol solvent and an ester solvent;

<20> A method for producing a cyclopropanecarboxylic acid compound represented by formula (IX)

HoC CH,
CN

R2/

o)

(wherein R2 denotes the same as below), which comprises preparing the cyclopropanecarboxylic acid represented
by formula (VII) by the method according to <18> or <19>, and then reacting the obtained cyclopropanecarboxylic
acid represented by formula (VII) with a compound represented by formula (V1)

R2-OH (VI

(wherein R2 is different from the R’ and denotes a chain hydrocarbon group having 1 to 10 carbon atoms which
group is optionally substituted with at least one group selected from the group consisting of a halogen atom, an acyl
group having 2 to 7 carbon atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally
substituted alkylthio group having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic
hydrocarbon group having 3 to 10 carbon atoms)

in the presence of a zirconium compound;

<21> The method according to <20>, wherein the zirconium compound is zirconium tetrahalide, a zirconocene
compound or a zirconium alkoxide;

<22> A method for producing a cyclopropanecarboxylic acid compound represented by formula (1Xa)
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HsC CH;
\ CN

R®

(wherein R3 denotes the same as below),
which comprises reacting a compound represented by formula (Vb)

HyC CH,
CN

0 (Vb)
H
o\lrnl
0

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with a halogen atom, or a phenyl group)
with an alkali metal borohydride compound in the presence of a solvent to obtain a cyclopropanecarboxylic acid
compound represented by formula (VIb)

0 J (VIb)

and reacting the obtained cyclopropanecarboxylic acid compound represented by formula (VIb) with a compound
represented by formula (Vllla)

R3-OH (Vllla)

(wherein R3 denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group having 3 to
10 carbon atoms)

in the presence of a zirconium compound;

<23> The method according to <22>, wherein the zirconium compound is zirconium tetrahalide, a zirconocene
compound or a zirconium alkoxide.

<24> The method according to <22>, wherein the solvent is at least one selected from the group consisting of an
ether solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a
cyclic urea solvent, an alcohol solvent and an ester solvent; and the like.

BEST MODE FOR CARRYING OUT THE INVENTION

[0004] A compound of the present invention, represented by formula (V)
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o (V)

(hereinafter briefly referred to as the compound (V)), is a novel compound, in the formula, R denotes a chain hydro-
carbon group having 1 to 10 carbon atoms optionally substituted with at least one group selected from the group
consisting of a halogen atom, an optionally substituted acyl group having 2 to 7 carbon atoms, an optionally substituted
alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group having 1 to 3 carbon atoms and an
optionally substituted phenyl group,

a cyclic hydrocarbon group having 3 to 10 carbon atoms, or a hydrogen atom, and

R’ denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted with a halogen
atom or a phenyl group.

[0005] Examples of the chain hydrocarbon group having 1 to 10 carbon atoms include a methyl group, an ethyl group,
a propyl group, a butyl group, a tert-butyl group, a 2-propenyl group and a propargyl group.

[0006] Examples of the halogen atom include a fluorine atom, a bromine atom and a chlorine atom.

[0007] Examples of the optionally substituted acyl group having 2 to 7 carbon atoms include unsubstituted acyl groups
having 2 to 7 carbon atoms, such as an acetyl group, a propionyl group and a benzoyl group, and acyl groups having
2 to 7 carbon atoms substituted with a halogen atom, such as a para-bromobenzoyl group.

[0008] Examples of the optionally substituted alkoxy group having 1 to 7 carbon atoms include unsubstituted alkoxy
groups having 1 to 7 carbon atoms, such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group,
a butoxy group and an isobutoxy group, and alkoxy groups having 1 to 7 carbon atoms substituted with a phenyl group,
such as a benzyloxy group.

[0009] Examples of the optionally substituted alkylthio group having 1 to 3 carbon atoms include unsubstituted alkylthio
groups having 1 to 3 carbon atoms, such as a methylthio group and an ethylthio group.

[0010] Examples of the optionally substituted phenyl group include a phenyl group; and phenyl groups substituted
with at least one selected from the group consisting of a halogen atom, an alkoxy group having 1 to 7 carbon atoms, an
alkoxyalkyl group having 2 to 7 carbon atoms, a nitro group and an acyl group having 2 to 10 carbon atoms, such as a
4-bromobenzyl group, a 4-methoxyphenyl group, a 2,3-difluorophenyl! group, a 2,3,5-trifluorophenyl group, a 2,3,5,6-
tetrafluoro-4-methoxymethylphenyl group, a 2-nitrophenyl group, a 4-nitrophenyl group and an anthraquinone-2-yl group.
[0011] Examples of the chain hydrocarbon group having 1 to 10 carbon atoms substituted with at least one group
selected from the group consisting of a halogen atom, an optionally substituted acyl group having 2 to 7 carbon atoms,
an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group having 1 to
3 carbon atoms and an optionally substituted phenyl group include a 2-chloroethyl group, a 2,2,2-trichloroethyl group,
a phenacyl group, a para-bromophenacyl group, a methoxymethyl group, a methoxymethoxymethyl group, a benzy-
loxymethyl group, a methylthiomethyl group, a 2-methylthioethyl group, a benzyl group, a phenethyl group, a 4-bro-
mobenzyl group, a4-methoxybenzyl group, a 2,3-difluorobenzyl group, a 2,3,5-trifluorobenzyl group, a 2,3,5,6-tetrafluoro-
4-methoxymethylbenzyl group, a 2-nitrobenzyl group, a 4-nitrobenzyl group, a bis(ortho-nitrophenyl)methyl group and
an (anthraquinone-2-yl)methyl group.

[0012] Examples of the cyclic hydrocarbon group having 3 to 10 carbon atoms include a cyclopropyl group, a cyclopentyl
group and a cyclohexyl group.

[0013] Among these groups denoted by R, a chain hydrocarbon group having 1 to 10 carbon atoms or a chain hydro-
carbon group having 1 to 10 carbon atoms substituted with an optionally substituted phenyl group is preferable; and a
methyl group or a 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl group is more preferable.

[0014] In the above-mentioned formula (V), examples of the chain hydrocarbon group having 1 to 10 carbon atoms
optionally substituted with a halogen atom, denoted by R?, include chain hydrocarbon groups having 1 to 10 carbon
atoms, such as a methyl group, an ethyl group, a propyl group, an allyl group and a propargy! group; and chain hydrocarbon
groups having 1 to 10 carbon atoms substituted with a halogen atom, such as a 2-chloroethyl group and a 2,2,2-
trichloroethyl group. Among them, chain hydrocarbon groups having 1 to 10 carbon atoms are preferable and a methyl
group is more preferable.

[0015] Examples of the compound (V) include methyl
3-(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, ethyl
3-(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, propyl
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(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, 2-propenyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, methoxymethyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, phenacyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, benzyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, para-nitrobenzyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, bis(ortho-nitrophenyl)methyl
(1-acetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, methyl
3-(1-chloroacetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclopro panecarboxylate, methyl
3-(1-trichloroacetoxy-2-cyano-2-propenyl)-2,2-dimethylcyclo propanecarboxylate, methyl
3-(1-butyryloxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropan ecarboxylate, methyl
3-(1-propionyloxy-2-cyano-2-propenyl)-2,2-dimethylcycloprop anecarboxylate, methyl
3-(1-pivaloyloxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropa necarboxylate, methyl
3-(1-benzoyloxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropan ecarboxylate, 2,3,5,6-tetrafluoro-4-methoxymethylben-

3-
3-
3-
3-
3-
3-
3-
3-

zyl

3-(1-propionyloxy-2-cyano-2-propenyl)-2,2-dimethylcycloprop anecarboxylate, 2,3,5,6-tetrafluoro-4-methoxymethyl-
benzyl

3-(1-pivaloyloxy-2-cyano-2-propenyl)-2,2-dimethylclopropa necarboxylate and 2,3,5,6-tetrafluoro-4-methoxymethyl-
benzyl

3-(1-benzoyloxy-2-cyano-2-propenyl)-2,2-dimethylcyclopropan ecarboxylate.
[0016] A cyclopropanecarboxylic acid compound represented by formula (V1) (hereinafter briefly referred to as the
compound (V1))

H,C CH,
CN

(wherein R denotes the same as above) may be produced by reacting the compound (V) with an alkali metal borohydride
compound in the presence of a solvent.

[0017] Examples ofthe alkali metal borohydride compound include lithium borohydride, sodium borohydride, potassium
borohydride, potassium tri-sec-butylborohydride and sodium cyanoborohydride; and sodium borohydride is preferable.
[0018] The used amount of the alkali metal borohydride compound is not limited as long as it is an amount such that
the amount of a hydrogen atom bonded to a boron atom in the alkali metal borohydride compound is 1 mol or more with
respect to 1 mol of the compound (V). Practically, the amount of a hydrogen atom bonded to a boron atom in the alkali
metal borohydride compound is 1 to 20 mol with respect to 1 mol of the compound (V). When sodium borohydride having
four hydrogen atoms each bonded to a boron atom is used as the alkali metal borohydride compound, the used amount
thereof is practically 0.3 to 5 mol with respect to 1 mol of the compound (V). When potassium tri-sec-butylborohydride
having one hydrogen atom bonded to a boron atom is used as the borohydride compound, the used amount thereof is
practically 1 to 20 mol with respect to 1 mol of the compound (V).

[0019] The reaction of the compound (V) and the alkali metal borohydride compound (hereinafter briefly referred to
as a reduction reaction) is performed in the presence of a solvent.

[0020] Examples ofthe solventinclude an ether solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing
aliphatic solvent, a nitrile solvent, a cyclic urea solvent, an alcohol solvent, an ester solvent and an aromatic hydrocarbon
solvent. The solvents may be used singly or as a mixture of two kinds or more. Another solvent inactive in the reduction
reaction may be used together with these solvents.

[0021] Examples of the ether solvent include diethyl ether, tert-butyl methyl ether, cyclopentyl methyl ether, tetrahy-
drofuran, 1,4-dioxane and 2,3-dihydrofuran; examples of the amide solventinclude N,N-dimethylformamide, N,N-dimeth-
ylacetamide and N-methyl-2-pyrrolidone; and examples of the heteroaromatic solvent include pyridine and pyrrole.
[0022] Examples of the sulfur-containing aliphatic solvent include dimethyl sulfoxide and sulfolane; examples of the
nitrile solvent include acetonitrile, propionitrile, ethylene cyanohydrin, chloroacetonitrile and benzonitrile; and examples
of the cyclic urea solvent include 1,3-dimethyl-2-imidazolidinone.

[0023] Examples of the alcohol solvent include methanol, ethanol, 2-propanol and polyethylene glycol; and examples
of the ester solvent include methyl acetate, ethyl acetate and butyl acetate.
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[0024] Examples of the aromatic hydrocarbon solvent include chlorobenzene.

[0025] In view of the yield and Z-isomer/E-isomer ratio of the compound (VI), at least one solvent selected from the
group consisting of an ether solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent,
a nitrile solvent, a cyclic urea solvent, an alcohol solvent and an ester solvent is preferable, at least one solvent selected
from the group consisting of an amide solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a cyclic urea solvent,
an alcohol solvent and an ester solvent is more preferable, and at least one solvent selected from the group consisting
of an amide solvent, a sulfur-containing aliphatic solvent and a cyclic urea solvent is particularly preferable. Among them,
N,N-dimethylformamide, N,N-dimethylacetamide, dimethyl sulfoxide, N-methyl-2-pyrrolidone, acetonitrile and 1,3-dime-
thyl-2-imidazolidinone are preferable, and N-methyl-2-pyrrolidone and 1,3-dimethyl-2-imidazolidinone are more prefer-
able.

[0026] In this specification, a compound in which the cyano group is positioned on the same side as the cyclopropane
ring in the carbon-carbon double bond moiety bonded to the cyclopropane ring of the compound (VI) is referred to as
"Z-isomer". A compound in which the cyano group is positioned on the opposite side to the cyclopropane ring in the
carbon-carbon double bond moiety is referred to as "E-isomer".

[0027] The used amount of the solvent is ordinarily 0.5 to 30 parts by weight with respect to 1 part by weight of the
compound (V).

[0028] The reduction reaction is performed by mixing the solvent, the compound (V) and the alkali metal borohydride
compound. The mixing order of them is not limited, but the compound (V) is preferably added to a mixture of the alkali
metal borohydride compound and the solvent in view of operation and reaction control.

[0029] The reaction temperature of the reduction reaction is ordinarily -50 to 100°C, preferably -20 to 30°C. The
reaction time of the reduction reaction is ordinarily 5 minutes to 72 hours.

[0030] The progress of the reduction reaction may be confirmed by an ordinary means such as gas chromatography
or high-performance liquid chromatography.

[0031] After completion of the reduction reaction, a mixture containing the compound (V1) is obtained. The mixture is
subjected to ordinary post-treatment such as neutralization, extraction or water washing, and ordinary isolation treatment
such as distillation or crystallization to take out the compound (V). The obtained compound (VI) may be further purified
by an ordinary purification means such as recrystallization; extraction purification; distillation; adsorption treatment with
activated carbon, silica or alumina; or chromatography such as silica gel column chromatography.

[0032] Examples of the compound (VI) thus obtained include
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylic acid, methyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, ethyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, propyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, 2-propenyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, methoxymethyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, phenacyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, benzyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate, para-nitrobenzyl
3-(2-cyano-1-propenyl)-2,2-dimethylcyclopropanecarboxylate and bis(ortho-nitrophenyl)methyl.

[0033] The compound (V) may be produced by reacting a compound represented by formula (Il) (hereinafter briefly
referred to as the compound (Il))

H,C CHj
CN

o (11)

R/
O H

(wherein R denotes the same as above) with an acyl halide compound represented by formula (Ill) (hereinafter briefly
referred to as the acyl halide compound (ll1))

M, am

11
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(wherein R denotes the same as above and X denotes a halogen atom) or an acid anhydride represented by formula
(IV) (hereinafter briefly referred to as the acid anhydride (1V))

O 0

L, @

(wherein R! denotes the same as above) in the presence of a base. The acyl halide compound (Ill) and the acid
anhydride (V) are sometimes collectively referred to as an "acylating agent". The reaction of the compound (Il) and
the acylating agent is hereinafter referred to as an "acylating reaction".

[0034] Examples of the compound (ll) include

2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylic acid, methyl
2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, ethyl
2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, propyl
2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, 2-propenyl
2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, methoxymethyl
2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, phenacyl
2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, benzyl

3~(
3~(
3~(
3~(
3~(
3~(
3~(
3-(2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, 2,3,5,6-tetrafluoro-4-methoxymethylben-

N

yl

3-(2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate, para-nitrobenzyl
3-(2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate and bis(ortho-nitrophenyl)methyl
3-(2-cyano-1-hydroxy-2-propenyl)-2,2-dimethylcyclopropaneca rboxylate.

[0035] In the formula (lll), examples of the halogen atom denoted by X include a chlorine atom, a bromine atom and
an iodine atom.

[0036] Examples of the acryl halide compound (lll) include acetyl chloride, acetyl bromide, chloroacetyl chloride,
trichloroacetyl chloride, propionyl chloride, propionyl fluoride, butanoyl chloride, pivaloyl chloride, benzoyl chloride and
benzoyl bromide.

[0037] Examples of the acid anhydride (V) include acetic anhydride, propionic anhydride, butyric anhydride, isobutyric
anhydride, hexanoic anhydride, valeric anhydride, chloroacetic anhydride, trifluoroacetic anhydride and benzoic anhy-
dride.

[0038] As for these acylating agents, commercial acylating agents may be adopted, or acylating agents produced by
known methods such as a method of halogenating a corresponding carboxylic acid and a method of dehydrating a
corresponding carboxylic acid.

[0039] The used amount of the acylating agent is ordinarily 1 to 5 mol with respect to 1 mol, of the compound (l1).
[0040] Examples of the base include basic nitrogen-containing compounds such as triethylamine, pyridine, N,N-di-
ethylaniline, 4-dimethylaminopyridine, diisopropylethylamine and tetramethylethylenediamine; alkali metal alkoxides
such as sodium methoxide; carboxylates such as sodium acetate; alkali metal hydroxides such as sodium hydroxide
and potassium hydroxide; and alkali metal carbonates such as potassium carbonate. Basic nitrogen-containing com-
pounds are preferable, and triethylamine, pyridine, N,N-diethylaniline, 4-dimethylaminopyridine and diisopropylethyl-
amine are more preferable. These bases may be used singly or as a mixture of two kinds or more.

[0041] The used amount of the base is not limited and may be a catalytic amount or an excessive amount over the
compound (II) . Practically, the used amount is 0.01 to 3 mol with respect to 1 mol of the compound (II).

[0042] The acylating reaction may be performed in the presence of a solvent. Examples of the solvent include aromatic
hydrocarbon solvents such as benzene, toluene and xylene; aliphatic hydrocarbon solvents such as hexane and heptane;
ether solvents such as diethyl ether, tert-butyl methyl ether, cyclopentyl methyl ether, tetrahydrofuran and 1,4-dioxane;
halogenated hydrocarbon solvents such as dichloromethane, 1,2-dichloroethane and chlorobenzene; ketone solvents
such as methylisobutyl ketone; nitro solvents such as nitromethane and nitrobenzene; nitrile solvents such as acetonitrile,
propionitrile and benzonitrile; and amide solvents such as dimethylformamide and dimethylacetamide. These solvents
may be used singly or as a mixture of two kinds or more. The used amount of the solvent is ordinarily 0.2 to 20 parts by
weight with respect to 1 part by weight of the compound (l1).

[0043] The acylating reaction is performed by mixing the compound (Il), the acylating agent and the base in the
presence of a solvent as required, and the mixing order of them is not limited.

[0044] Thereactiontemperature of the acylating reaction is ordinarily -20 to 100°C, preferably -5to 100°C. The reaction
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time of the acylating reaction is ordinarily 5 minutes to 72 hours.

[0045] The progress of the acylating reaction may be confirmed by an ordinary means such as gas chromatography
or high-performance liquid chromatography.

[0046] After completion of the acylating reaction, a reaction mixture containing the compound (V) is obtained. The
mixture is subjected to ordinary post-treatment such as neutralization, extraction or water washing, and ordinary isolation
treatment such as distillation or crystallization to take out the compound (V). The compound (V) taken out may be further
purified by an ordinary purification means such as recrystallization; extraction purification; distillation; adsorption treat-
ment with activated carbon, silica or alumina; or chromatography such as silica gel column chromatography. The com-
pound (V) taken out may be used for the reduction reaction, or the purified compound (V) may be used for the reduction
reaction. The obtained reaction mixture containing the compound (V) may be directly used for the above-mentioned
reduction reaction, or the reaction mixture may be used for the reduction reaction after being subjected to ordinary post-
treatment such as neutralization, extraction or water washing.

[0047] The compound (II) may be produced by reacting a compound represented by formula (1) (hereinafter briefly
referred to as the compound (1))

H,C CHj

(1)
R’O CHO

0

(wherein R denotes the same as above) with acrylonitrile in the presence of a base. The reaction of the compound (1)
and acrylonitrile is hereinafter referred to as a "coupling reaction".

[0048] Examples of the compound (l) include

3-formyl-2,2-dimethylcyclopropanecarboxylic acid, methyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, ethyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, propyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, 2-propenyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, methoxymethyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, phenacyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, benzyl

3-formyl-2,2-dimethylcyclopropanecarboxylate,

2,3,5,6-tetrafluoro-4-methoxymethylbenzyl

3-formyl-2,2-dimethylcyclopropanecarboxylate, para-nitrobenzyl

3-formyl-2,2-dimethylcyclopropanecarboxylate and bis(ortho-nitrophenyl)methyl
3-formyl-2,2-dimethylcyclopropanecarboxylate.

[0049] The compound (I) may be produced by known methods described in Japanese Laid-open Patent Publication
No. 2004-2363 and Japanese Laid-open Patent Publication No. 2006-89427.

[0050] As acrylonitrile, commercial acrylonitrile is ordinarily adopted.

[0051] The used amount of acrylonitrile is ordinarily 0.8 to 5 mol, preferably 1 to 3 mol with respect to 1 mol of the
compound (1).

[0052] Examples of the base used for the coupling reaction include basic nitrogen-containing compounds such as
trimethylamine, triethylamine, pyridine, 4-dimethylaminopyridine, 1,8-diazabicycloundecene, 1,4-diazabicyclo[2,2,2]oc-
tane, quinuclidine, 3-hydroxyquinuclidine, indolizine, tetramethylguanidine, imidazole and 1-methylimidazole. Among
them, trimethylamine, triethylamine, 1,8-diazabicyclo[5,4,0]-7-undecene and 1,4-diazabicyclo[2,2,2]octane are prefer-
able. As the base, a commercial base is ordinarily adopted.

[0053] The used amount of the base is not limited and may be a catalytic amount or an excessive amount over the
compound (I); practically, the used amount is 0.1 to 3 mol with respect to 1 mol of the compound (I).

[0054] The coupling reaction is ordinarily performed in the presence of a solvent. Examples of the solvent include
aromatic hydrocarbon solvents such as benzene, toluene and xylene; aliphatic hydrocarbon solvents such as hexane
and heptane; ether solvents such as diethyl ether, tert-butyl methyl ether, cyclopentyl methyl ether, tetrahydrofuran and
1,4-dioxane; halogenated hydrocarbon solvents such as dichloromethane, 1,2-dichloroethane and chlorobenzene; ke-
tone solvents such as acetone, methyl isobutyl ketone and cyclohexanone; ester solvents such as methyl acetate, ethyl
acetate and butyl acetate; nitro solvents such as nitromethane and nitrobenzene; nitrile solvents such as acetonitrile,
propionitrile and benzonitrile; amide solvents such as dimethylformamide and dimethylacetamide; alcohol solvents such
as methanol, ethanol, 1-propanol and 2-propanol; and water. These solvents may be used singly or as a mixture of two
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kinds or more.

[0055] The used amount of the solvent is ordinarily 0.05 to 3 parts by weight with respect to 1 part by weight of the
compound (I).

[0056] The coupling reaction is performed by mixing the compound (1), acrylonitrile and the base in the presence of
a solvent as required, and the mixing order of them is not limited.

[0057] The reaction temperature of the coupling reaction is ordinarily -20 to 100°C, preferably -5 to 100°C. The reaction
time of the coupling reaction is ordinarily 5 minutes to 72 hours.

[0058] The progress of the coupling reaction may be confirmed by an ordinary means such as gas chromatography
or high-performance liquid chromatography.

[0059] After completion of the reaction, a reaction mixture containing the compound (II) is obtained. The mixture is
subjected to ordinary post-treatment such as neutralization, extraction or water washing, and ordinary isolation treatment
such as distillation or crystallization to take out the compound (Il). The compound (Il) taken out may be further purified
by an ordinary purification means such as recrystallization; extraction purification; distillation; adsorption treatment with
activated carbon, silica or alumina; or chromatography such as silica gel column chromatography. The compound (Il)
taken out may be used for the acylating reaction, or the purified compound (ll) may be used for the acylating reaction.
The obtained reaction mixture containing the compound (ll) may be directly used for the above-mentioned acylating
reaction, or the reaction mixture may be used for the acylating reaction after being subjected to ordinary post-treatment
such as neutralization, extraction or water washing.

[0060] With the use of a compound represented by the following formula (Va)

(wherein R’ denotes a chain hydrocarbon group having 1 to 10 carbon atoms optionally substituted with at least one
group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon atoms, an optionally
substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group having 1 to 3 carbon
atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group having 3 to 10 carbon atoms, and R
denotes the same as above) as the compound (V), a cyclopropanecarboxylic acid compound represented by formula
(Vla) (hereinafter briefly referred to as the compound (Vla))

H;C CH,
CN

R CH,

0

(wherein R’ denotes the same as above) is obtained by performing the above-mentioned reduction reaction, and then
a cyclopropanecarboxylic acid compound represented by formula (IX) (hereinafter briefly referred to as the compound

(1X))

(wherein R2 denotes the same as below) may be produced by reacting the obtained compound (Vla) with a compound
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represented by formula (VIIl) (hereinafter briefly referred to as the compound (VIII))
R2-OH (vihn

(wherein R2 is different from the R’ and denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group
is optionally substituted with at least one group selected from the group consisting of a halogen atom, an acyl group
having 2 to 7 carbon atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted
alkylthio group having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group
having 3 to 10 carbon atoms) in the presence of an alkali metal hydroxide.

[0061] Examples of R’ in the compound (Vla) include the same as those mentioned for R.

[0062] Examples of the alkali metal hydroxide include lithium hydroxide, sodium hydroxide, potassium hydroxide,
rubidium hydroxide, cesium hydroxide and francium hydroxide; lithium hydroxide, sodium hydroxide and potassium
hydroxide are preferable, and lithium hydroxide is more preferable. As the alkali metal hydroxide, an anhydride is ordinarily
adopted and a hydrate such as lithium hydroxide monohydrate may be adopted.

[0063] The used amount of the alkali metal hydroxide is not limited and is ordinarily 0.001 to 200% by mol, preferably
0.1 to 10% by mol with respect to 1 mol of the compound (Vla.).

[0064] Examples of R2in the compound (VIIl) include the same as those mentioned for R, and R2 is a different group
from R’.

[0065] Examples of the compound (VIII) include 2-chloroethanol, 2,2,2-trichloroethanol, benzoylmethanol, para-bro-
mobenzoylmethanol, methoxymethanol, methoxymethoxymethanol, benzyloxymethanol, methylthiomethanol, 2-meth-
ylthioethanol, benzyl alcohol, phenethyl alcohol, 4-bromobenzyl alcohol, 4-methoxybenzyl alcohol, 2,3-difluorobenzyl
alcohol, 2,3,5-trifluorobenzyl alcohol, 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl alcohol, 2-nitrobenzyl alcohol, 4-ni-
trobenzyl alcohol, bis(ortho-nitrophenyl)methanol and (anthraquinone-2-yl)methanol.

[0066] The used amount of the compound (VIIl) is not limited and is ordinarily 0.5 to 3 mol with respect to 1 mol of the
compound (VIa). The used amount may be a greatly excessive amount as required and the compound (VIII) may also
be used as a solvent.

[0067] The reaction of the compound (VIa) and the compound (VIll) is ordinarily performed under an inert gas atmos-
phere such as an argon or nitrogen atmosphere. The reaction may be performed under normal pressure, with pressure
applied or under reduced pressure; preferably, under normal pressure or reduced pressure. The reaction is an equilibrium
reaction and is preferably performed while removing by-product alcohol derived from the compound (Vla) out of the
system by a method such as distillation.

[0068] The reaction may be performed without a solvent or with a solvent. Examples of the solvent include halogenated
hydrocarbon solvents such as dichloromethane, chloroform and 1,2-dichloroethane; aliphatic hydrocarbon solvents such
as hexane, heptane, octane and nonane; aromatic hydrocarbon solvents such as benzene, toluene, xylene and chlo-
robenzene; and ether solvents such as diethyl ether, methyl tert-butyl ether, cyclopentyl methyl ether, tetrahydrofuran
and 1,4-dioxane. The reaction may be performed while the by-product alcohol is removed as an azeotropic mixture out
of the system by using a solvent capable of forming an azeotropic mixture with the by-product alcohol derived from the
compound (VI).

[0069] The reaction temperature is not limited; preferably, 20 to 200°C.

[0070] After completion of the reaction, for example, the obtained reaction mixture is washed in water or an acidic
aqueous solution such as an aqueous sulfuric acid solution to take out the compound (1X) by concentration. The compound
(IX) taken out may be further purified by an ordinary purification means such as distillation, recrystallization or column
chromatography.

[0071] A cyclopropanecarboxylic acid represented by formula (VII) (hereinafter briefly referred to as the carboxylic
acid (VII))

o B (Vi)
T

o

may be produced by hydrolyzing the obtained compound (Vla).
[0072] The hydrolysis reaction of the compound (Vla) may be performed in the presence of an alkali or an acid.
Examples of the alkali include alkali metal hydroxides such as sodium hydroxide and potassium hydroxide. The used
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amount of the alkali is ordinarily 0.5 to 20 mol, preferably 1 to 10 mol with respect to 1 mol of the compound (Vla).
Examples of the acid include mineral acids such as sulfuric acid and hydrochloric acid. The used amount of the acid is
ordinarily 0.5 to 20 mol, preferably 1 to 10 mol with respect to 1 mol of the compound (Vla) .

[0073] For the hydrolysis reaction of the compound (VIa), 1 mol or more of water is ordinarily used with respect to 1
mol of the compound (Vla). Water may be used as a solvent. A solvent except water may be used; examples of the
solvent include alcohol solvents such as methanol, ethanol, isopropanol, butanol, sec-butanol and tert-butanol; ether
solvents such as tetrahydrofuran and 1,4-dioxane; ketone solvents such as acetone; nitro solvents such as nitromethane;
nitrile solvents such as acetonitrile; and amide solvents such as dimethylformamide and dimethylacetamide. The used
amount of the solvent is not limited; practically, 0.1 to 50 parts by weight, preferably 0.5 to 20 parts by weight with respect
to 1 part by weight of the compound (Vla).

[0074] The reaction temperature of the hydrolysis reaction is ordinarily 0 to 100°C, preferably 20 to 80°C. The reaction
time is not limited, and the point of time when the compound (Vla) disappears or the point of time when the decrease
of the compound (Vla) stops may be regarded as the end point of the reaction. After completion of the reaction, the
reaction mixture is subjected to ordinary post-treatment such as neutralization, extraction, water washing or concentration
to take out the carboxylic acid (VII). The carboxylic acid (VII) taken out may be further purified by an ordinary purification
means such as recrystallization or column chromatography.

[0075] The compound (IX) may also be produced by reacting the obtained carboxylic acid (VII) with the compound
(V1) in the presence of a zirconium compound.

[0076] A zirconium compound ordinarily exhibiting Lewis acidity is used as the zirconium compound, and a zirconium
compound represented by formula (X)

Zr (O)m(Xn(Y")42.men )

(wherein X' and Y each independently denote a halogen atom, an alkoxy group, an acyloxy group, an acetylacetonato
group, a dialkylamino group, a cyclopentadienyl group or a pentamethylcyclopentadienyl group, m denotes 0 or 1, and
n denotes 0, 1 or 2) is preferable.

[0077] Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom and an iodine atom,
and examples of the alkoxy group include alkoxy groups having 1 to 4 carbon atoms, such as a methoxy group, an
ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy group and a tert-butoxy group.
Examples of the acyloxy group include acyloxy groups having 2 to 6 carbon atoms, such as an acetyloxy group, and
examples of the dialkylamino group include amino groups substituted with two alkyl groups having 1 to 6 carbon atoms,
such as a dimethylamino group, a diethylamino group and a methylethylamino group.

[0078] Examples of the zirconium compound represented by formula (X) include zirconium tetrahalides such as zir-
conium tetrafluoride, zirconium tetrachloride, zirconium tetrabromide and zirconium tetraiodide; zirconium carboxylates
such as zirconium acetate; zirconium acetylacetonato; zirconium alkoxides such as zirconium ethoxide, zirconium iso-
propoxide, zirconium butoxide and zirconium tert-butoxide; zirconium oxyhalides such as zirconium oxychloride; ami-
nozirconium such as tetrakis(dimethylamino)zirconium and tetrakis(diethylamino)zirconium; and zirconocene com-
pounds such as zirconocene dichloride, zirconocene dimethoxide and decamethylzirconocene dichloride; and zirconium
tetrahalide, zirconocene compounds and zirconium alkoxides are preferable.

[0079] Asthe zirconium compound, a commercial zirconium compound is ordinarily adopted. An anhydride or a hydrate
may be adopted, and a complex with compounds having a coordinating property, such as tetrahydrofuran and tetram-
ethylethylenediamine may be adopted.

[0080] The used amount of the zirconium compound is not limited; practically, 0.001 to 200% by mol, preferably 0.1
to 10% by mol with respect to 1 mol of the carboxylic acid (VII).

[0081] The used amount of the compound (VIII) is not limited and is ordinarily 0.5 to 3 mol with respect to 1 mol of the
carboxylic acid (VIl). The used amount may be a greatly excessive amount as required and the compound (VIIl) may
also be used as a solvent.

[0082] The reaction of the carboxylic acid (VII) and the compound (VIIl) is ordinarily performed under an inert gas
atmosphere such as an argon or nitrogen atmosphere. The reaction may be performed under normal pressure, with
pressure applied or under reduced pressure; preferably, under normal pressure or reduced pressure. The reaction is
preferably performed while water is removed as a by-product out of the system by a method such as distillation.
[0083] The reaction may be performed without a solvent or with a solvent. Examples of the solvent include halogenated
hydrocarbon solvents such as dichloromethane, chloroform and 1,2-dichloroethane, aliphatic hydrocarbon solvents such
as hexane, heptane, octane and nonane, aromatic hydrocarbon solvents such as benzene, toluene, xylene and chlo-
robenzene, and ether solvents such as diethyl ether, methyl tert-butyl ether, cyclopentyl methyl ether, tetrahydrofuran
and 1,4-dioxane. The reaction may be performed while removing water as an azeotropic mixture out of the system by
using a solvent capable of forming an azeotropic mixture with water.

[0084] The reaction temperature is not limited; ordinarily, 20 to 200°C.
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[0085] After completion of the reaction, for example, the obtained reaction mixture is washed in water or an acidic
aqueous solution such as an aqueous sulfuric acid solution to take out the compound (1X) by concentration. The compound
(IX) taken out may be further purified by an ordinary purification means such as distillation, recrystallization or column
chromatography.

[0086] With the use of a compound represented by the following formula (Vb)

HiC CHjy
CN
0 (Vb)
H
0 o\n/al
o

(wherein R denotes the same as above) as the compound (V), a cyclopropanecarboxylic acid compound represented
by formula (VIb)

is obtained by performing the above-mentioned reduction reaction, and then a cyclopropanecarboxylic acid compound
represented by formula (1Xa)

HsC CH,
\/ CN

(IXa)
RVO & CH;

(wherein R3 denotes the same as below)
may also be produced by reacting the obtained cyclopropanecarboxylic acid compound represented by formula (VIb)
with a compound represented by formula (Vllla)

R3-OH (Villa)

(wherein R3 denotes a chain hydrocarbon group having 1 to 10 carbon atoms optionally substituted with at least one
group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon atoms, an optionally
substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group having 1 to 3 carbon
atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group having 3 to 10 carbon atoms)

in the presence of a zirconium compound.

[0087] The reaction of the cyclopropanecarboxylic acid compound represented by formula (VIb) and the compound
represented by formula (VIlla) may be performed in the same manner as in the above-mentioned reaction of the carboxylic
acid (VII) and the compound (VIII).

EXAMPLES

[0088] The present invention is hereinafter described by way of examples in further detail, but the invention is not
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limited thereto.
Example 1

[0089] 26.44 g of 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl (1R,3R)-3-formyl-2,2-dimethylcyclopropanecarboxylate,
8.06 g of acrylonitrile and 7.48 g of a 30% by weight aqueous solution of trimethylamine were mixed. The obtained
mixture was stirred at room temperature overnight and thereafter 9 mL of methanol was added thereto. The obtained
mixture was stirred at room temperature for 13 hours. Dilute hydrochloric acid was added to the obtained reaction mixture
and thereafter the mixture was extracted with ethyl acetate. The obtained organic layer was washed in saturated sodium
bicarbonate water and saturated saline, and thereafter dried over anhydrous sodium sulfate. After removing sodium
sulfate by filtration, the obtained filtrate was concentrated under reduced pressure to obtain 30.5 g of a pale yellowish
oily matter consisting essentially of a compound represented by the following formula (1) (hereinafter briefly referred to
as the compound (1))

Hs c

HaCO

3 /jA/\[/ \ﬁ%k' "“‘\4/ (1)
S

11.0 g of the obtained oily matter was purified by silica gel column chromatography to obtain 10.1 g of the compound
(1). "TH-NMR (CDCl3, TMS) & (ppm):1.27 (s, 3/2H), 1.27(s,3/2H), 1.28(s,3/2H), 1.32(s,3/2H), 1.60-1.72(m,2H), 2.06(br.d,
1/2H), 2.16(br.d,1/2H), 3.40(s,3/2H), 3.41(s,3/2H), 3.92(br.,1H), 4.59(q,2H), 5.25-26(m,2H), 6.00(d,1/2H), 6.05(d,1H),
6.10(d,1/2H)

Example 2

[0090] 19.55 g of the oily matter obtained in Example 1, 3.85 g of pyridine, 0.42 g of 4-(dimethylamino)pyridine and
80 mL of toluene were mixed. The obtained mixture was ice-cooled, into which a mixture of 4.97 g of acetic anhydride
and 20 m of toluene was dropped under a nitrogen atmosphere. After completion of dropping, the obtained mixture was
stirred under ice-cooling for 1.5 hours. Water and dilute hydrochloric acid were added to the obtained reaction mixture,
and the mixture was stirred and subjected to still standing and thereafter separated into an organic layer and a water
layer. The obtained organic layer was washed in saturated saline and dried over anhydrous sodium sulfate. After removing
sodium sulfate by filtration, the obtained filtrate was concentrated under reduced pressure to obtain 21. 5 g of a pale
yellowish oily matter consisting essentially of a compound represented by the following formula (2) (hereinafter briefly
referred to as the compound (2))

CHa

CH3 CHa
HyCO
\\\\4{

5.0 g of the obtained oily matter was purified by silica gel column chromatography to obtain 4.1 g of the compound
(2). 'TH-NMR(CDCl3,TMS) & (ppm):1.21(s,3/2H),1.26(s,3/2H),1.28(s,3 H),1.55(d,1/2H),1.71(d,1/2H),1.80(dd,1/2H),1.89
(dd,1/2H),2. 12(s,3/2H),2.13(s,3/2H),3,40(s,3/2H),3.41(s,3/2H),4.58-4.60 (m,2H),5.00(d,1/2H),5.11(d,1/2H),5.22-5.29
(m,2H),5.96(d,1/2 H),6.00(d,1/2H),6.03(d,1/2H),6.08(d, 1/2H)

Example 3
[0091] 0.68 g of sodium borohydride, 5 mL of hexane and 30 mL of N,N-dimethylformamide were mixed. The obtained
mixture was ice-cooled, into which a mixture of 10.0 g of the pale yellowish oily matter obtained in Example 2 and 10

mL of N,N-dimethylformamide was dropped under a nitrogen atmosphere. The obtained mixture was stirred under ice-
cooling for 1.5 hours. The obtained reaction mixture was added to dilute hydrochloric acid, mixed and thereafter the
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mixture was extracted with ethyl acetate. The obtained organic layer was washed in dilute hydrochloric acid, 3% by
weight sodium bicarbonate water and 20% by weight saline, and thereafter dried over anhydrous sodium sulfate. After
removing sodium sulfate by filtration, the obtained filtrate was concentrated under reduced pressure to obtain 8.1 g of
a white crystal consisting essentially of a compound represented by the following formula (3) (hereinafter briefly referred

to as the compound (3))
F
F CH; CH,
H,CO
Y CH, €Y
) \
. OYA N
CN
F O

[0092] When the NMR spectrum of the crystal was measured, the Z-isomer/E-isomer ratio was about 8/1. TH-NMR
(CDCI3, TMS) 8 (ppm):1.21(s,3H,Z+E-isomer),1.32(s,3H,Z+ E-isomer), 1.73(m,1H,Z+E-isomer), 1.96(s,3H,Z+E-isomer),
2.20(m,1/9H,E-isomer), 2.47(m,8/9H,Z-isomer), 3.41(s,3H,2+E-isomer), 4.59(s,2H,Z+E-isomer), 5.26(s,2H,Z+E-iso-
mer), 5.78(m,8/9H,Z-isomer), 6.01(m,1/9H,E-isomer)

Example 4

[0093] 31.0 g of methyl (1R,3R)-3-formyl-2,2-dimethylcyclopropanecarboxylate, 15.8 g of acrylonitrile and 19. 5 g of
a 30% by weight agueous solution of trimethylamine were mixed and the obtained mixture was stirred at room temperature
overnight. The obtained mixture was ice-cooled and thereafter dilute hydrochloric acid was added thereto and mixed.
The obtained mixture was adjusted to room temperature and thereafter the mixture was extracted with ethyl acetate.
The obtained organic layer was dried over anhydrous sodium sulfate. After removing sodium sulfate by filtration, the
obtained filtrate was concentrated under reduced pressure to obtain 40.8 g of a pale yellowish oily matter consisting
essentially of a compound represented by the following formula (4) (hereinafter briefly referred to as the compound (4))

CH, CH
3 3 OH
H,CO ‘\4/ (4)
| CN
0

1. 02 g of the obtained oily matter was purified by silica gel column chromatography to obtain 0.96 g of the compound
(4). The yield was 94%.

TH-NMR(CDClI3, TMS) & (ppm):1.27 (s,3/2H),1.28(s,3/2H),1.28(s,3 /2H),1.33(s,3/2H),1.61-1.70(m;2H),2.06(d,1/2H),
2.21(d,1/2H) 3.70(s,3/2H),3.70(s,3/2H),3.89-3.96(m,1H),6.00(d, 1/2H),6.0 5(d,1/2H),6.07(d,1/2H),6.10(d, 1/2H)

Example 5

[0094] 39.8 g of the pale yellowish oily matter obtained in Example 4, 18.0 g of pyridine, 1.2 g of 4- (dimethylamino)
pyridine and 200 g of toluene were mixed. The obtained mixture was ice-cooled, into which 23.3 g of acetic anhydride
was dropped udder a nitrogen atmosphere. After completion of dropping, the obtained mixture was stirred under ice-
cooling for 1 hour. Water and 6 N hydrochloric acid were added to the obtained reaction mixture, and mixed and subjected
to still standing and thereafter separated into an organic layer and a water layer. The obtained organic layer was washed
in 2N hydrochloric acid, 1 N-aqueous sodium hydroxide solution and saturated saline, and thereafter dried over anhydrous
sodium sulfate. After removing sodium sulfate by filtration, the obtained filtrate was concentrated under reduced pressure
to obtain 40.2 g of a pale yellowish oily matter consisting essentially of a compound represented by the following formula
(5) (hereinafter briefly referred to as the compound (5))
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0
CH; CHj
GJL‘C}*Ig
HzCO o ®
ON

1.00 g of the obtained oily matter was purified by silica gel column chromatography to obtain 0.87 g of the compound
(5). TH-NMR(CDCl3,TMS) & (ppm):1.21(s,5/4H),1.26(s,5/4H), 1.26(s,7/4H), 1.28(s,7/4H), 1.55(d,5/12H), 1.71(d,7/12H),
1.79(dd,7/12H), 1.87(dd,5/12H), 2.13(s,7/4H), 2.14(s,5/4H), 3.70(s,7/4H), 3.70(s,5/4H), 5.01(d,5/12H), 5.12(d,7/12H),
5.97(d,5/12H), 6.00(d,7/12H), 6.03(d,5/12H), 6.08(d,7/12H)

Example 6

[0095] 50.9 g of the compound (4), 1.6 g of 4- (dimethylamino) pyridine and 176 g of toluene were mixed. The obtained
mixture was ice-cooled, into which 29.5 g of acetic anhydride was dropped under a nitrogen atmosphere. After completion
of dropping, the obtained mixture was stirred under ice-cooling for 8 hours. The obtained reaction mixture was washed
in a 1% by weight aqueous solution of sulfuric acid, a 8% by weight aqueous solution of sodium hydroxide and water in
this order, and thereafter concentrated under reduced pressure to obtain 66.9 g of a pale yellowish oily matter consisting
essentially of the compound (5). When the obtained oily matter was analyzed by a gas chromatography internal standard
method, the yield of the compound (5) was 88%.

Example 7

[0096] 0.30 g of sodium borohydride was added little by little to a mixed solution of 1.0 g of the compound (5) and 20
mL of methanol under a nitrogen atmosphere. The obtained mixture was stirred at room temperature for 2 hours. 0.15
g of sodium borohydride was further added thereto little by little and the obtained mixture was stirred at room temperature
for 1 hour. Water and 1 N hydrochloric acid were added to the obtained reaction mixture, mixed and thereafter the mixture
was extracted with ethyl acetate. The obtained organic layer was washed in saturated saline and dried over anhydrous
magnesium sulfate. After removing magnesium sulfate by filtration, the obtained filtrate was concentrated under reduced
pressure to obtain a crude product of a compound represented by the following formula (6) (hereinafter briefly referred
to as the compound (6))

CH,; CH, CH, CHz CH, )
0 .\\\\‘-—-—( .\x\"(
HyC” CN ch’ (6
Z-isomer E-isomer

[0097] When 'H-NMR of the obtained crude product was measured, the Z-isomer/E-isomer ratio was 81/19. The crude
product was purified by silica gel column chromatography to obtain 0.55 g of a Z-isomer and 0.12 g of an E-isomer. The
total yield of the Z-isomer and E-isomer was 87% (Z-isomer/E-isomer ratio = 82/18).

[0098] Z-isomer:'H-NMR(CDCI3, TMS) & (ppm):1.20(s,3H),1.32(s,3 H),1.71(d,1H),1,96(d,3H),2.45(dd,1H),3.70(s,
3H),5.80(dd,1H) E-isomer:'H-NMR(CDCl3, TMS) & (ppm):1.22(s,3H),1.30(s,3H),1.7 3(d,1H),1.97(d,3H),2.17(dd, 1H),
3.70(s,3H),6.02(dd,1H)

Example 8

[0099] A mixed solution of 37 mg of sodium borohydride and 4 mL of acetonitrile was cooled to -5°C under a nitrogen
atmosphere. A mixed solution of 0.25 g of the compound (5) and 1 mL of acetonitrile was dropped into the obtained
mixture. The obtained mixture was stirred at -5°C for 3 hours. Water and 1 N hydrochloric acid were added to the obtained
reaction mixture, mixed and thereafter the mixture was extracted with ethyl acetate. The obtained organic layer was
washed in saturated saline and dried over anhydrous magnesium sulfate. After removing magnesium sulfate by filtration,
the obtained filtrate was concentrated under reduced pressure to obtain a crude product of the compound (6). When H-
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NMR of the obtained crude product was measured, the Z-isomer/E-isomer ratio was 87/13. The crude product was
purified by silica gel column chromatography to obtain 0.13 g of a mixture of a Z-isomer and an E-isomer. The yield was
72%.

Example 9

[0100] A crude productof the compound (6) was obtained by performing the reaction in the same manner as in Example
8 except for replacing acetonitrile with N,N-dimethylformamide in Example 8. When TH-NMR thereof was measured,
the Z-isomer/E-isomer ratio was 92/8. The obtained crude product was purified by silica gel column chromatography to
obtain 0.15 g of a mixture of a Z-isomer and an E-isomer. The yield was 78%.

Example 10

[0101] A mixed solution of 0.38 g of the compound (5) and 1.16 g of 1,3-dimethyl-2-imidazolidinone was cooled to
0°C under a nitrogen atmosphere. 58 mg of sodium borohydride was added to the obtained mixture little by little and
stirred at the same temperature. Water and 6 N hydrochloric acid were added to the obtained reaction mixture and the
mixture was washed. The obtained organic layer was concentrated under reduced pressure to obtain a crude product
of the compound (6). When the obtained crude product was analyzed by a gas chromatography area percentage method,
the Z-isomer/E-isomer ratio was 92/8. When the crude product was analyzed by a gas chromatography internal standard
method, the total yield of the Z-isomer and E-isomer was 88%.

Examples 11 to 20
[0102] A crude productof the compound (6) was obtained by performing the reaction in the same manner as in Example

9 except for replacing 1,3-dimethyl-2-imidazolidinone with solvents shown in Table 1 in Example 9. The results are
shown in Table 1. In the table, the yields are the total yields of the Z-isomer and E-isomer.

[Table 1]

Example Solvent Z-isomer/E-isomer ratio | Yield (%)
1 N,N-dimethylacetamide 90/10 90
12 dimethyl sulfoxide 89/11 80
13 polyethylene glycol (PEG200) 85/15 89
14 sulfolane 84/16 79
15 propionitrile 83/17 64
16 methyl acetate 82/18 83
17 isopropanol 82/18 83
18 pyridine 81/19 70
19 tetrahydrofuran 79/21 86
20 pyrrole 70/30 92

Example 21

[0103] A mixed solution of 1.91 g of sodium borohydride, 41.0 g of N-methyl-2-pyrrolidone and 6.8 g of heptane was
cooled to 0°C under a nitrogen atmosphere, into which a mixed solution of 20.0 g of the compound (5) and 20.5 g of N-
methyl-2-pyrrolidone was dropped and stirred at the same temperature for 1 hour. Thereafter, the reaction mixture was
dropped into a 3% by weight aqueous solution of hydrochloric acid, and thereafter the obtained mixture was neutralized
with a 23% by weight aqueous solution of sodium hydroxide and extracted with heptane. The obtained organic layer
was sequentially washed in a 3% by weight aqueous solution of sodium hydrogen carbonate and water, and concentrated
under reduced pressure to thereby obtain a crude product of the compound (6). When this crude product was analyzed
by a gas chromatography area percentage method, the Z-isomer/E-isomer ratio was 92/8. When the crude product was
analyzed by a gas chromatography internal standard method, the total amount of the Z-isomer and E-isomer was 13.5
g and the total yield of the Z-isomer and E-isomer was 90%.
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Example 22

[0104] 2.0 g of the compounds (4), 0.83 g of pyridine and 20 mL of tetrahydrofuran were mixed. The obtained mixture
was ice-cooled, into which 1.27 g of pivaloyl chloride was dropped under a nitrogen atmosphere. After completion of
dropping, the obtained mixture was stirred under ice-cooling for about 3 hours. 0.76 g of pyridine and 1.15 g of pivaloyl
chloride were added to the obtained mixture, which was further stirred under ice-cooling for about 4 hours. Water was
added to the obtained reaction mixture, mixed and the mixture was extracted with ethyl acetate. The obtained organic
layer was washed in dilute hydrochloric acid, saturated sodium bicarbonate water and saturated saline, and thereafter
dried over anhydrous sodium sulfate. After removing sodium sulfate by filtration, the obtained filtrate was concentrated
under reduced pressure. The obtained residue was purified by silica gel column chromatography to obtain 0.76 g of a
compound represented by the following formula (5-2)

O CH;
CHy CHs o CH,
HyCO -“\\4( CH, (5-2)
4 CHN

TH-NMR(CDCl3, TMS) & (ppm):1.19-1.29(m,15H),1.59-1.68(m,1H), .77(dd,5/6H),1.88(dd, 1/6H),3.67(s,5/2H),3.70(s,
1/2H),4.98(d ,1/6H),5.15(d,5/6H),5.95(d, 1/6H),5.98(d,5/6H),6.02(d, 1/6H), 6.07(d,5/6H)

Example 23

[0105] 1. 63 g of a compound represented by the following formula (5-3) was obtained in the same manner as in
Example 22 except for replacing 1.27 g of pivaloyl chloride and 1.15 g of pivaloyl chloride with 1.48 g of benzoyl chloride
and 1.34 g of benzoyl chloride, respectively in Example 22.

CH; CHp

\\4( )

H;CO
\W/ CN
0

1H-NMR (CDCl3, TMS) & (ppm):1.24(s, 1H),1.2(s,1H),1.30(s,2H),1 .35(s,2H),1.66(d,1/3H),1.88(d,2/3H),1.95(dd,2/3H),
2.03(dd, 1 /3H),3.66(s,2H),3.72(s, 1H),5.28(d, 1/2H),5.39(d,2/3H),6.05(d ,1/3H),6.06(d, 1/3H),6.09(d,2/3H),6.12(d,2/3H),
7.45-7.51(m,2 H),7.58-7.63(m, 1H),8.06-8.10(m,2H)

Example 24

[0106] 9.13 g of 2,3,5,6-tetrafluoro-4-methoxymethyl-benzyl alcohol, 7.50 g of the compound (6), 74 mg of lithium
methoxide and 74 mL of heptane were mixed. The obtained mixture was refluxed for 9 hours while removing by-product
methanol out of the system by azeotropy with heptane. During the reflux, 20 mL of heptane was added to the system.
The amount of the mixture of methanol and heptane removed out of the system was 50 mL. The obtained reaction
mixture was cooled to room temperature, and thereafter toluene and saline were added thereto, mixed and the mixture
was separated. The obtained organic layer was washed in saturated saline and dried over anhydrous sodium sulfate.
After removing sodium sulfate by filtration, the obtained filtrate was concentrated under reduced pressure. The obtained
residue was purified by silica gel column chromatography to obtain 14.2 g of the compound (3).

Example 25
[0107] 19.3 g of the compound (6), 6.0 g of sodium hydroxide, 20 mL of water and 180 mL of methanol were mixed.
The obtained mixture was refluxed for 1 hour. The obtained reaction mixture was cooled to room temperature and

thereafter methanol was distilled off under reduced pressure. 250 mL of water was added to the obtained residue and
the obtained mixture was ice-cooled. The mixture was made to have a pH of 1 or less by adding concentrated hydrochloric
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acid thereto, and thereafter the mixture was extracted with ethyl acetate. The obtained organic layer was dried over
magnesium sulfate. After removing magnesium sulfate by filtration, the obtained filtrate was concentrated under reduced
pressure to obtain 16.9 g of a compound represented by the following formula (7) (hereinafter briefly referred to as the
compound (7)). As a result of TH-NMR measurement, the Z-isomer/E-isomer ratio of the product was about 8/1.

1H-NMR(CDCl3 TMS) & (ppm):1.23(s,8/3H), 1.24(s,1/3H), 1.34(s,1/3H), 1.36(s,8/3H), 1.72(d,8/9H), 1.74(d,1/9H), 1.97
(d,8/9H), 1.97(d,1/9H), 2.20(dd, 1/9H), 2.48(dd,8/9H), 5.82(dq,8/9H), 6.03(dq, 1/9H)

Example 26

[0108] 2.24 g of 2,3,5,6-tetrafluoro-4-methoxymethyl-benzyl alcohol, 70 mg of zirconium chloride and 20 mL of xylene
were mixed. The obtained mixture was refluxed for about 10 minutes and thereafter 10 mL of xylene was distilled off.
The obtained mixture was cooled to 80°C and thereafter 1.97 g of the compound (7) obtained in Example 25 was added.
The obtained mixture was stirred at the xylene reflux temperature for 7 hours. The operation was performed while
removing by-product water out of the system by azeotropy with xylene. The obtained mixture was cooled to room
temperature and thereafter washed twice in a 5% by weight aqueous solution of sulfuric acid. The obtained solution was
concentrated under reduced pressure, and the obtained residue was purified by silica gel column chromatography to
obtain 3.46 g of the compound (3). As a result of TH-NMR measurement, the Z-isomer/E-isomer ratio of the product was
about 8/1.

Example 27

[0109] 8.0 g of 2,3,5,6-tetrafluoro-4-methoxymethyl-benzyl alcohol, 0.3 g of a 70% by weight zirconium tetraisopro-
poxide/2-propanol solution and 55 g of xylene were mixed. The obtained mixture was heated to reflux and thereafter 39
g of the distillate was removed. The obtained mixture was cooled to 80°C and thereafter 7.4 g of the compound (7) (Z-
isomer/E-isomer ratio = 96/4) was added. The obtained mixture was stirred at the xylene reflux temperature for 13 hours.
The operation was performed while removing by-product water out of the system by azeotropy with xylene. The obtained
mixture was cooled to room temperature and thereafter 13 g of xylene was added. The obtained mixture was washed
in 5% by weight sulfuric acid, a 5% by weight aqueous solution of sodium hydroxide and water, and thereafter concentrated
under reduced pressure to obtain 13. 4g of the compound (3). When the compound was analyzed by a gas chromatog-
raphy area percentage method, the Z-isomer/E-isomer ratio was 95/5.

Example 28

[0110] A crude product of the compound (6) was obtained by performing the reaction in the same manner as in Example
9 except for replacing 1,3-dimethyl-2-imidazolidinone with chlorobenzene in Example 9. The Z-isomer/E-isomer ratio
was 65/35 and the total yield of the Z-isomer and E-isomer was 27%.

INDUSTRIAL APPLICABILITY

[0111] A compound of the present invention, represented by formula (V), is a novel compound, and a cyclopropane-
carboxylic acid compound represented by formula (VI), which is a useful compound as a pest control agent and an
intermediate thereof, may be produced with a favorable yield by a reaction of the compound represented by formula (V)
and an alkali metal borohydride compound.

Claims

1. A method for producing a cyclopropanecarboxylic acid compound represented by formula (V1)
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H,C CH,

CN
R’O\’%\\/)\ (v1)
0

(wherein R denotes the same as below),
which comprises reacting a compound represented by formula (V)

H,C CH,
CN
R’O (V)
0 o\n/Rl
0

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group,

a cyclic hydrocarbon group having 3 to 10 carbon atoms, or a hydrogen atom, and

R' denotes a chain hydrocarbon group having 1 to 10 carbon atoms optionally substituted with a halogen atom or
a phenyl group)

with an alkali metal borohydride compound in the presence of a solvent.

The method according to claim 1, wherein the alkali metal borohydride compound is sodium borohydride.
The method according to claim 1, wherein the solvent is at least one selected from the group consisting of an ether
solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a cyclic

urea solvent, an alcohol solvent and an ester solvent.

The method according to claim 1, wherein the solvent is N,N-dimethylformamide, dimethylacetamide, dimethylsul-
foxide, N-methyl-2-pyrrolidone, acetonitrile or 1,3-dimethyl-2-imidazolidinone.

The method according to claim 1, wherein the compound represented by formula (V) is a compound obtained by
reacting a compound represented by formula (II)

H,C CH,
CN
~ %\ (1)
R

(wherein R denotes the same meaning as defined in claim 1)
with an acyl halide compound represented by formula (l11)
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8]

Al

(wherein R denotes the same meaning as defined in claim 1 and X denotes a halogen atom)
or an acid anhydride represented by formula (V)

O O

M aw

(wherein R denotes the same meaning as defined in claim 1)
in the presence of a base.

6. The method according to claim 5, wherein the compound represented by formula (Il) is a compound obtained by
reacting a compound represented by formula (1)

HyC. CHj

P
[
e

0
R” CHO

Q

(wherein R denotes the same meaning as defined in claim 1)
with acrylonitrile in the presence of a base.

7. A compound represented by formula (II)

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, a cyclic hydrocarbon group having 3 to 10
carbon atoms, or a hydrogen atom).

8. The compound according to claim 7, wherein R is a chain hydrocarbon group having 1 to 10 carbon atoms or a
chain hydrocarbon group having 1 to 10 carbon atoms which group is substituted with an optionally substituted

phenyl group.

9. The compound according to claim 7, wherein R is a methyl group or a 2,3,5,6-tetrafluoro-4-methoxymethylbenzyl
group.

10. A compound represented by formula (V)
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H,C CH,
CN
R’O (V)
o o. _Rr!
)

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, a cyclic hydrocarbon group having 3 to 10
carbon atoms or a hydrogen atom, and

R* denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted with a
halogen atom or a phenyl group).

. The compound according to claim 10, wherein R is a chain hydrocarbon group having 1 to 10 carbon atoms.
. The compound according to claim 10, wherein R' is a methyl group.

. The compound according to any one of claims 10 to 12, wherein R is a chain hydrocarbon group having 1 to 10
carbon atoms or a chain hydrocarbon group having 1 to 10 carbon atoms which group is substituted with an optionally
substituted phenyl group.

. The compound according to any one of claims 10 to 12, wherein R is a methyl group or a 2,3,5,6-tetrafluoro-4-
methoxymethylbenzyl group.

. A method for producing a cyclopropanecarboxylic acid compound represented by formula (I1X)

H,C CH,

\/ CN
o\/ﬁ\/\ (IX)
il
O

RZ/

(wherein R2 denotes the same as below),
which comprises reacting a compound represented by formula (Va)

HsC CHj
CN
. _o (Va)
0 o_ _R!
T

(wherein R’ denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group or

a cyclic hydrocarbon group having 3 to 10 carbon atoms, and R! denotes a chain hydrocarbon group having 1 to
10 carbon atoms optionally substituted with a halogen atom or
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a phenyl group)

with an alkali metal borohydride compound in the presence of a solvent to obtain a cyclopropanecarboxylic acid
compound represented by formula (VIa)

(Via)

(wherein R’ denotes the same as above), and
reacting the obtained cyclopropanecarboxylic acid compound represented by formula (Vla) with a compound rep-
resented by formula (VIII)

R2-OH (Vi)

(wherein R2 is different from the R’ and denotes a chain hydrocarbon group having 1 to 10 carbon atoms which
group is optionally substituted with at least one group selected from the group consisting of a halogen atom, an
acyl group having 2 to 7 carbon atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an
optionally substituted alkylthio group having 1 to 3 carbon atoms and an optionally substituted phenyl group, or
a cyclic hydrocarbon group having 3 to 10 carbon atoms)

in the presence of an alkali metal hydroxide.

16. The method according to claim 15, wherein the alkali metal hydroxide is lithium hydroxide.

17. The method according to claim 15, wherein the solvent is at least one selected from the group consisting of an ether
solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a cyclic
urea solvent, an alcohol solvent and an ester solvent.

18. A method for producing a cyclopropanecarboxylic acid represented by formula (VII)

H,C CH,
CN

(VII)
H’O Z

o
which comprises reacting a compound represented by formula (Va)

H,C CH,
CN
" 0 (Va)

o_ _R!
T

(wherein R’ denotes the same as below)
with an alkali metal borohydride compound in the presence of a solvent to obtain a cyclopropanecarboxylic acid
compound represented by formula (VIa)
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H,C CHg
{3 3
34 /G / * Ha ’

(wherein R’ denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, or

a cyclic hydrocarbon group having 3 to 10 carbon atoms, and R! denotes a chain hydrocarbon group having 1 to
10 carbon atoms which group is optionally substituted with a halogen atom or

a phenyl group), and

hydrolyzing the obtained cyclopropanecarboxylic acid compound represented by formula (Vla).

The method according to claim 18, wherein the solvent is at least one selected from the group consisting of an ether
solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a cyclic

urea solvent, an alcohol solvent and an ester solvent.

A method for producing a cyclopropanecarboxylic acid compound represented by formula (IX)

chsh /CHa N
. " /0 \n/!)&__\yvl\ ( ).4 )
O

(wherein R2 denotes the same as below),

which comprises preparing the cyclopropanecarboxylic acid represented by formula (V1) by the method according
to claim 18 or 19, and then reacting the obtained cyclopropanecarboxylic acid represented by formula (VII) with a
compound represented by formula (VIII)

R2-OH (Vi)

(wherein R2 is different from the R’ and denotes a chain hydrocarbon group having 1 to 10 carbon atoms which
group is optionally substituted with at least one group selected from the group consisting of a halogen atom, an
acyl group having 2 to 7 carbon atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an
optionally substituted alkylthio group having 1 to 3 carbon atoms and an optionally substituted phenyl group, or
a cyclic hydrocarbon group having 3 to 10 carbon atoms) in the presence of a zirconium compound.

The method according to claim 20, wherein the zirconium compound is zirconium tetrahalide, a zirconocene com-
pound or a zirconium alkoxide.

22. A method for producing a cyclopropanecarboxylic acid compound represented by formula (IXa)
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(wherein R3 denotes the same as below),
which comprises reacting a compound represented by formula (Vb)

H,C CH,
CN
/Q\H/\A (Vb)
H
| 1
O O\H/R
O

(wherein R denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with a halogen atom or

a phenyl group)

with an alkali metal borohydride compound in the presence of a solvent to obtain a cyclopropanecarboxylic acid
compound represented by formula (VIb)

HiC CH,
CN
(
v /O I";’L\‘ b V-Ib )
C

and
reacting the obtained cyclopropanecarboxylic acid compound represented by formula (VIb) with a compound rep-
resented by formula (vllla)

R3-OH (Vllla)

(wherein R3 denotes a chain hydrocarbon group having 1 to 10 carbon atoms which group is optionally substituted
with at least one group selected from the group consisting of a halogen atom, an acyl group having 2 to 7 carbon
atoms, an optionally substituted alkoxy group having 1 to 7 carbon atoms, an optionally substituted alkylthio group
having 1 to 3 carbon atoms and an optionally substituted phenyl group, or a cyclic hydrocarbon group having 3 to
10 carbon atoms) in the presence of a zirconium compound.

23. The method according to claim 22, wherein the zirconium compound is zirconium tetrahalide, a zirconocene com-

pound or a zirconium alkoxide.

24. The method according to claim 22, wherein the solvent is at least one selected from the group consisting of an ether

solvent, an amide solvent, a heteroaromatic solvent, a sulfur-containing aliphatic solvent, a nitrile solvent, a cyclic
urea solvent, an alcohol solvent and an ester solvent.
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